Therapeutical and Pharmacological Section 165 had been given. Cases which did not respond well in the early stages were not the cases for the continuance of the method, or perhaps they were cases which would do as much good without the vaccine treatment at all. Stock vaccines were, as a rule, inferior to vaccines prepared from the infecting organism. Tubercle was an exception. If one was lucky, one might isolate a pure cultivation of tubercle bacilli in four to six weeks, and one might make a special tuberculin from that. But they were not usually lucky, and the time occupied in preparing the tuberculin might be months. Luckily, tuberculosis being such a chronic condition, and the bacilli differing so little from each other, the tuberculin which had been prepared by various manufacturers, according to Koch's formula, was useful for all tubercular conditions. But for the acute bacterial infections the vaccine could usually be prepared in thirty-six hours, and sometimes, by working almost continuously, one could get a vaccine in twenty-four hours.
Kiihne [9] stated that trypsin is destroyed by pepsin, but that trypsin does not affect pepsin.
Ewald [4] cornfirmed Kiihne's observations. Engesser [3] , whose pancreatic preparations were used by Ewald, doubted these conclusions, and stated that pancreatinine does not lose its proteolytic action after digestion with pepsin in 0 5 per cent. hydrochloric acid.
Mays [12] stated that pepsin favoured the deleterious action of weak acids on trypsin.
Langley [10] found that pepsin and trypsin are destroyed by each other-that trypsin acts on pepsin by increasing the inhibitory action of the alkali. He further found that rennet is destroyed by trypsin and that pepsin weakens diastase.
Falk [5] stated that pancreatic juice and papain do not act on ptyalin and diastase; and that pepsin is without influence on invertin. The latter observation is confirmed by Richet [13] and Szabo [14] .
Marcus and Pinet [11] found that papain does not affect diastase or ptyalin. Baginsky [1] stated that pepsin destroys trypsin. Fermi and Pernossi [6] found that pepsin has no perceptible action on trypsin.
V. Harley [8] found that trypsin is destroyed by pepsin-hydrochloric-acid, but pepsin is not destroyed by trypsin. Papain is also destroyed by pepsin, but papain and trypsin do not destroy each other.
Wroblewski, Bednarski, and Wojczynski [15] , in a recent paper, state that pepsin acts on trypsin, but not so strongly as to destroy or inhibit the trypsin completely in a short time; that it helps the detrimental action of acids. In ascertaining the action of trypsin on pepsin they used egg white, estimating the nitrogen. They found that 0 5 per cent. sodium hydrate destroyed pepsin, and that 01. per cent. weakened it. Even without alkali the trypsin solution acts on pepsin, but when the alkali is present the inhibitory influence is increased. They further found that rennet is not destroyed by pepsin; that trypsin does not act on diastase, but pepsin does so and increases the unfavourable action of acids.
It will be seen that past work has yielded divergent and often conflicting results.
The experiments now to be described were chiefly concerned with the action of an artificial gastric juice upon the proteolytic, amylolytic and lipolytic ferments of the pancreas. We shall consider first the proteolytic ferments.
The method adopted for estimating the effect of pepsin on trypsin was that described by Roaf. It consists in staining fibrin with congo red. When the fibrin is attacked by the ferment the congo red is set free and diffuses throughout the solution. The activity of the ferment is gauged by the depth of the pink colour of the fluid. The preparations used in these experiments were pancreatinine; liquor pancreaticus; holadin; liquor trypsin Co; papain and liquor papain. The latter two are, of course, vegetable ferments. These preparations are not equally active, and as regards the liquid ones their activity is greatest within a short period of their preparation.
The experiinental method was as follows: The artificial gastric juicethe standard used throughout-consisted of 1 grm. scale pepsin (Fairchild), 6 c.c. ,hydrochloric acid, specific gravity 1*19, to 1000 c.c. of distilled water. 200 c.c. of this solution was taken, and to it was added a definite quantity of one of these preparations; the amount being the dose usually given to a patient-for example, 8 c.c. of liquor pancreaticus was added to 200 c.c. of the pepsin solution. The quantity of gastric juice secreted during an average meal is probably about 200 c.c.; therefore that amount of the pepsin-hydrochloric-acid solution was taken so that the experiments might be roughly comparable to the natural process. The flask containing the 200 c.c. of the pepsin solution, plus 8 c.c. of liquor pancreaticus, was plugged with cotton-wool and placed in the incubator for times varying from one to three hours. The incubator was kept at 36°C., and the flask was shaken at intervals. To the solution was then added the known amount of sodium carbonate necessary not only to neutralize the acid but to convert the solution into one containing 0 5 per cent. of the alkali. Half a gramme of congo red fibrin was added to the alkaline solution, and the flask returned to the incubator for about an hour. If the action of the ferment was inhibited or the ferment destroyed, the solution remained colourless or was very slightly tinged. In every instance control experiments were made which demonstrated that the original pancreatic preparations were active. The results are tabulated below.
To prevent repetition in the tables, it may be stated that in all these experiments 8 c.c. of the liquid preparations, 4 grm. of pancreatinine and papain, and 9 gr. of holadin were respectively added to the 200 c.c. of the pepsin-hydrochloric-acid solution. After one and half hours' incubation the solutions were slightly pink, thus showing that the trypsin was not completely destroyed. Where the flasks were incubated for one hour the solutions were deep pink, but the depth of colour was less than in the control experiments. It is thus evident that a portion of the trypsin is destroyed or its action lessened during an hour's digestion in the pepsin solution.
The effect of the pepsin solution on the digestive preparations at room temperature was next tried. The solutions were allowed to stand in the laboratory for three hours, then made alkaline; fibrin added and incubated. Result: Digestion did not proceed nearly as briskly as in the control experiments. Similar experiments with 0'27 per cent. hydrochloric acid (without pepsin) gave a like result, thus showing that the acid weakens the proteolytic power of trypsin.
A pathological gastric juice was devised. It consisted of equal parts of the standard pepsin solution and distilled water, to which was added 0'1 per cent. lactic acid.
Experiments were carried out with this solution similar to those with the standard pepsin solution.
After three hours' digestion in the pathological fluid the proteolytic power of trypsin was destroyed. Without entering into further experimental details, it may be stated that trypsin and papain destroy each other and that papain acts on pepsin.
As regards the amylolytic ferment of the pancreas, the method adopted for ascertaining its activity was a modification of that described by Wohlgemuth. A series of test tubes were taken each containing a decreasing quantity of the ferment. To each tube was added 5 c.-c. of a 1-per-cent. solution of starch and the tube at once placed in iced water. When all the tubes were prepared they were put in the incubator for an hour. On removal from the incubator they were again placed in iced water. They were then filled to the brim with water and one drop of a one-tenth normal iodine solution added. If the ferment was active, no colour was produced; if the ferment was destroyed, the colour was blue.
The digestive preparations used were liquor trypsin Co, liquor pancreaticus, and holadin.
A flask containing 200 c.c. pepsin-hydrochloric-acid solution and 8 c.c. liquor pancreaticus was incubated for an hour. The solution was then neutralized and rendered very slightly alkaline; 1 c.c. of this solution was added to 5 c.c. of the starch solution and incubated for an hour. Result: No action on starch. Larger quantities of the ferment solution were added to the starch solution, and the same result obtained. Similar results were also obtained with other pancreatic preparations, thus showing that the amylolytic ferment is completely destroyed during an hour's digestion in the pepsin-hydrochloric-acid solution.
To ascertain the action of the artificial gastric juice upon the lipolytic power of the various pancreatic preparations, the lipolytic ferment was allowed to act upon an emulsion of olive oil, and the amount of fat disintegration estimated by the titration of the free fatty acids. The emulsion was prepared in the following way: The amount of acidity of the olive oil was ascertained by titrating 5 c.c. of it in 30 c.c. of alcohol with decinormal caustic potash, phenolphthalein being used as the indicator. The stock emulsion was made by adding the calculated amount of caustic potash to the olive oil. The preparations used were holadin, Grubler's steapsin and glycerin extract of the pancreas prepared in the laboratory. One experiment will be described in detail:
Two flasks-one containing 200 c. This shows that the injurious influence of pepsin-hydrochloric-acid -on the lipolytic enzyme of the pancreas is not so marked as in the case of the other enzymes, and accords with the fact which has now been established that gastric juice itself contains lipase. Nevertheless, incubation of the pancreatic lipase with pepsin-hydrochloric-acid for one hour reduced its activity by about one-half.
So far as it is safe to draw conclusions from experiments in vitro to the occurrences taking place in the alimentary canal, the point of practical importance arising from the work is that in the administration of pancreatic preparations by the mouth measures should be adopted to protect them from the deleterious influence of gastric juice, especially if one wishes to favour the intestinal digestion of protein or of starch. The danger may be minimized by giving the pancreatic preparations at a time when the stomach is emptying itself rapidly into the duodenum; if given from half an hour to an hour after a meal this will be ensured, apid the length of time the pancreatic preparations will remain in contaict with gastric juice will thus be lessened. In pathological cases (for instance, in cancer), where the gastric juice is inactive owing to the absence or lessening of hydrochloric acid, the deleterious influence of gastric juice may be minimal.
SUMMARY OF RESULTS.
(1) After two hours' digestion in pepsin-hydrochloric-acid solution at a temperature of 360 C. the tryptic action of medicinal doses of various pancreatic digestive preparations is entirely destroyed. (2) During one and a half hours' digestion the tryptic action is not completely destroyed.
